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Nitrogen outside the safe boundary 

from Rockström et al. 2009 Nature
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Why Nitrogen and Economics? 

• Nitrogen is a 
critical 
component of 
energy, food, 
and fiber 
production, 
benefiting 
humans in 
many ways.  Human 

consumption

Terrestrial 
production

Energy 
production

http://intranet.epa.gov/media/photogallery/AgWeb1/pages/Agriculture_168.htm
http://intranet.epa.gov/media/photogallery/AgWeb1/pages/Agriculture_114.htm
http://intranet.epa.gov/media/photogallery/IndustryWeb/pages/Industry_019.htm
http://intranet.epa.gov/media/photogallery/WaterSupplyTreatmentWeb/pages/WaterSupply_029.htm
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Compton et al. 2011 Ecology Letters

Nitrogen (N) inputs to US 
increased 5-fold since 1900
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What is the source of this N?
Inputs to the US in 2002 (Tg N/yr)  

EPA Science Advisory Board, Integrated Nitrogen Committee report 2011



6

Dominant Human N Source

Sobota et al., 2013, Frontiers in Ecology and the Environment

8-digit USGS Hydrologic Unit Codes
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Where are the largest human inputs? 

Sobota et al. 2013, FIEE
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What happens to the N inputs?  

External

63%

Houlton et al. 2012, Biogeochemistry
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from Jim Galloway (2010)



10

N2O

Air

NH3

Soil

Plant

Soil

Crop Animal

NHx

NOyNOx
N2O

N2O

(terrestrial)

NHx

NOy

N2O

(aquatic)

Land

Water

Human 
consumption

Terrestrial 
production

Energy 
production

NO3
-

Groundwater 
effects

Particulate
matter
effects

Stratospheric
effects

Agroecosystem
effects

Greenhouse gas
effects

Ozone
effects

Forest & 
Grassland

effects

The nitrogen cascade  

Surface water 
effects Ocean 

effects

Coastal
effects

Compton et al. 2011 Ecology Letters

http://intranet.epa.gov/media/photogallery/AgWeb1/pages/Agriculture_168.htm
http://intranet.epa.gov/media/photogallery/AgWeb1/pages/Agriculture_114.htm
http://intranet.epa.gov/media/photogallery/IndustryWeb/pages/Industry_019.htm
http://intranet.epa.gov/media/photogallery/WaterSupplyTreatmentWeb/pages/WaterSupply_029.htm
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• 14,000 Nutrient-related Impairment Listings in 49 
States

–and this is an underestimate . . .

• Over 53% Have Medium to High Levels of Nitrogen

• Over 47% of Streams Have Medium to High Levels of 
Phosphorus 

• One Third of U.S. Estuaries Eutrophic

• 168 Hypoxic Zones in U.S. Waters

National Nutrient Problem Scope

EPA Nutrient Innovations Task Force, 2009

OW and Regions
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Nutrient impaired coastal waters

Impairments due to nitrogen concentrations, algal growth, noxious aquatic plants, or 

oxygen depletion under Section 303(d) of the Clean Water Act (US EPA, 2012)

McCrackin et al. In prep.  



13

Nitrate violations in drinking water
US Community Water Systems 
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http://water.epa.gov/scitech/datait/databases/drink/sdwisfed/howtoaccessdata.cfm
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Getting to solutions

• A new approach

– Bringing in sustainability and ecosystem services

– New perspectives on old approaches

• Quantify the economic damages associated with 
nutrients 

– National

– PNW

• Examine alternative futures for nutrient 
management
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Building a sustainability perspective
(EPA-ORD’s Sustainable and Healthy Communities Research Program)

Sustainability
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Command & Control 
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CERCLA

The Ceiling of Environmental Protection
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Costs of nitrogen 
pollution

 Human respiratory 
health

 Freshwater 
eutrophication

 Damage to seagrasses
and fisheries

Atmosphere

& Climate

Terrestrial

Groundwater

Coastal

Freshwater

Costs (+) and Benefits (-),  $/kg N
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From Compton et al. 2011 Ecology Letters
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Freshwater damage costs, circa 2000
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Coastal damage costs, circa 2000
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Human health costs, circa 2000
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PNW-specific economic impacts 

• Algal blooms in lakes 

– Lake Washington first example

– Current HABs monitoring 

• Groundwater nitrate contamination

– Oregon GWMA: S. Willamette, Umatilla, Owyhee

– Washington GWMA:  Columbia Basin, Lower Yakima

– Idaho’s Nitrate Areas of concern

• Coastal nutrient impairments



Human health costs, circa 2000
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Nitrate-N in Oregon 

residential wells 

Brenda Hoppe, OSU 
and ODHS

Real Estate Transaction 

database, 1989-2000
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Nitrogen impacts to drinking water 
in the Lower Yakima River Basin

Nitrogen load by source$57 million -> Annual 
estimate of willingness 
to pay for drinking 
water below the MCL 
for nitrate was.  

Ranged from $613-
911 per household per 
year.  

Approximately 
$160/kg N loading.  
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Harmful Algal 
Blooms in Oregon

•12 lakes in 

•Funding for the Harmful Algal Bloom 
Surveillance program ended in 2013.  

$

http://public.health.oregon.gov/HealthyEnvironments/Recreation/HarmfulAlgaeBlooms/Pages/Blue-GreenAlgaeAdvisories.aspx
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Nutrient reductions possible with 
improved management

Business as Usual Scenario

Ambitious Scenario

McCrackin et al. In prep.  
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Take home messages
• Human activities increased N to the biosphere by 5-fold 

in the US.    

• 63% of this N is released into the environment.  

• Nutrient damage costs are substantial.   Human health 
effects have historically had the highest per kg value, 
but…  

• There are lots of gaps in our assessment, particularly 
for freshwater and coastal ecosystems.   

• We can reduce coastal loading, by improved nutrient 
use efficiency, waste treatment and continued air 
quality improvements.   
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For more information 

Jana Compton compton.jana@epa.gov

Also see:  EPA SAB Integrated nitrogen committee report 2011

EU Nitrogen Assessment 2011

International Nitrogen Initiative website

mailto:compton.jana@epa.gov
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Birch et al. 2011 ES&T



Concentrations of Nitrogen in Streams
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US EPA Wadeable Streams Assessment
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Robin Dennis, US EPA
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Ecosystem 
Goods & 
Services

Human health 
and well-being

Economic 
values

Decisions
(individual, 

local, regional, 
national)

Stressors/Drivers

Ecosystem 
Condition

Current decision process

Integrated decision process

Incorporating the Triple Bottom-Line 
into decision-making


